SECTI ON 2
COSTS OF REGULATI ON FOR ARCHI TECTURAL COATI NG PRODUCERS

This section estinates the costs to conply with the
architectural coatings regulation and exam nes the econom c
i npacts of these costs as they are distributed across
producers and consuners of the regul ated products through
mar ket processes. The analysis in this section focuses on
the(primary)inpacts defined within the architectural coatings
product markets. An assessnent of inpacts on users of traffic
coati ngs addresses sel ected secondary inpacts in other sectors
of the econony. That analysis is presented in Section 4.

2.1 BACKGROUND

The EPA plans to control VOC em ssions fromarchitectura
coatings using a conbined regul atory approach: (1) product-
specific VOC content limts, (2) an option for producers of
products that exceed the content [imts to pay a fee on the
VOC content in excess of the limt, and (3) a phased tonnage
exenption that allows each manufacturer the option to claimas
exenpt a limted nunber of products that result in a specified
anount of em ssions annually. Using refornulation cost
estimates and an exceedance fee rate, the Agency anal yzed the
potential inpacts of the regulation, first using static
anal yses of regulatory response options and second using a



dynam c market analysis that estimates changes in prices,
quantities, and social welfare.

2.2 OVERVI EW OF RESPONSE OPTI ONS

The regul ation to reduce the VOC content of architectural
coatings wll affect both production decisions for the
suppliers of the coatings (through its inpact on costs and
revenues) and consunption decisions for the demanders (through
its inpact on product prices). Before developing a forma
econom ¢ nodel to anal yze these regul ations, the Agency needed
to characterize the scope of responses available to producers
and consumners.

2.2.1 Supply

The EPA is proposing a set of limts for the VOC content
in specific product categories to be net in 1999. Firns that
produce products exceeding the VOC limts essentially have
t hree conpliance options:

e refornulate the products so that they conply with the
st andar d,

« pay a fee on the excess VOC content over the standard,
or

e renove the product fromthe market.

Each producer also may exenpt a small quantity of product from
conpl i ance.

This anal ysis assunes that firns will choose the option
that nmaximzes their net benefits, as neasured by the expected
(di scounted) value of the profits generated under each option
Al t hough decisions in the short-run may differ from decisions
made to maxi m ze net benefits in the long run, this analysis
primarily considers the | ong-run decisions and their inpact on
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the architectural coatings markets. Uncertainties pertaining
to short-run decisions are discussed in Section 2.7.

The first option for producers to conply with the rule is
to refornul ate products that exceed the specified VOC content.
Product refornulation often involves an investnent in research
and devel opnent (R&D) to develop a conpliant product. The
extent of the refornulation necessary to bring a product into
conpliance can vary from product to product. |In sonme cases,
conpliance can be achieved for a particul ar product w thout
| arge R&D i nvestnents because the product is simlar enough to
an existing forrmula or another product undergoi ng
reformulation. A mgjor refornulation, as is discussed
t hroughout this analysis, typically requires a significant
resource and time conmtment. The process can take several
years and is divided into a nunber of different stages.

Figure 2-1 identifies the basic refornulation stages for a
prototype architectural paint (other coatings such as
var ni shes may have fewer stages).® The firm nay subsequently
need to alter its capital equipnent to produce the
reformul at ed product, but these physical capital adjustnents
are usually small conpared to devel oping the intellectua
capital to devise the new fornul a.

The anal ysis that follows assunes that manufacturers bear
the full cost of each reformulation. Since the VOC content
limts in the rule reflect available resin technologies, it is
likely that the costs associated with refornmulation wll at
| east partially be shared by resin manufacturers/suppliers.

In that regard, the direct inpacts on manufacturers wll be
overstated in the analysis. This and other potential upward
and downward biases in the cost estimation nethodol ogy are
addressed later in this section.
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Figure 2-1. Basic stages of architectural coating refornulation
(prototype firmand product).

Source: Al M Coatings Regul atory Negotiation Committee neeting.
July 28-30, 1993, Washington, DC. Meeting Sunmary.

2.2.2 Denmand

The regul ati on can be expected to i nduce changes in the
prices of the affected products. Product consuners nmay alter
their selection of coatings based on the relative prices of
coating products and on the relative prices of coating versus
noncoating alternatives. For exanple, consumers m ght opt for
a wat erborne coating rather than its solventborne alternative
if the regul ation-induced change in prices increases the
relative price of the sol ventborne product. Mreover, a
potential user of a high-VOC coating product facing
reformul ati on may even opt for a noncoating alternative if the
price rises too nuch.

The reformul ated products can al so possess different
characteristics that affect their demand. For instance, VOC
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content reduction in a typically high-VOC product may change
consuners’ perceptions of the product’s perfornmance,
durability, and ease of application. The |Iower VOC content
may al so work as a signaling device for the “green” consuner
in pursuit of products deened nore friendly to the
environment.?® These factors collectively affect the benefit
consuners derive fromusing the product and thus their
willingness to pay for the reformnul ated product versus other
product alternatives.

2.3 COST ANALYSI S

This section evaluates the costs inposed on nanufacturers
to refornul ate nonconpliant products, describes and quantifies
t he exceedance fee provision, and incorporates the option of
wi t hdrawi ng products fromthe market into the decision
process.

2.3.1 Costs of Refornulation
O the conpliance options referenced above, refornul ation

of products that have a VOC content exceeding the category
[imt in the TOS (see Table 2-1) is the nost significant both
in ternms of potential cost and em ssion reductions. The
econom ¢ anal ysis begins by estimating the national cost of
the regulation in the absence of other conpliance options
(fee, withdrawal) and ignoring nmarket responses. This wll
provi de an upper-bound estimate for the true national costs of
the regulation. The national estinmate will be nodified
(reduced) as the other conpliance options and mar ket behavi or
are explicitly considered bel ow.

aSome manufacturers currently produce zero-VOC-content coatings that
are marketed as “clean air” coatings.
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TABLE 2-1. TABLE OF STANDARDS?

VOC Content Limt

Architectural Coating (g/L)

Ant enna coati ngs 500
Antifouling coatings 450
Antigraffiti coatings 600
Bi t um nous coati ngs and mastics 500
Bond breakers 600
Chal kboard resurfacers 450
Concrete curing conpounds 350
Concrete protective coatings 400
Dry fog coatings 400
Extrene high-durability coatings 800
Fire-retardant/resistive coatings

C ear 850

Opaque 450
Fl at coatings, N O S

Exteri or 250

Interior 250
Fl oor coati ngs 400
Fl ow coati ngs 650
Form rel ease conpounds 450
Graphic arts coatings (sign paints) 500
Heat reactive coatings 420
Hi gh-tenperature coatings 650
| npact ed i nmersi on coatings 780
I ndustrial maintenance coati ngs 450
Lacquers (including | acquer sanding seal ers) 680
Magnesite cenent coati ngs 600
Mastic texture coatings 300
Metal lic pignented coatings 500
Mul ti col or coatings 580
Nonf errous ornanental netal |acquers 870

(conti nued)
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TABLE 2-1. TABLE OF STANDARDS? ( CONTI NUED)

VOC Content Limt
Architectural Coating (g/L)
Nonfl at coatings, N O S
Exterior 380
Interior 380
Nucl ear power plant coatings 450
Pretreatment wash primners 780
Primers and undercoaters, N O. S. 350
Qui ck dry coatings
Enamel s 450
Prinmers, sealers, and undercoaters 450
Repai r and mmai nt enance t hernopl astic coati ngs
650
Roof coati ngs 250
Rust preventive coatings 400
Sandi ng seal ers 550
Seal ers 400
Shel | acs
C ear 650
Opaque 550
St ai ns
Opaque 350
Cl ear and sem transparent 550
Wat er borne | ow solids 120
Swi mm ng pool coatings 600
Ther nopl asti c rubber coatings and mastics 550
Traffic marking paints 150
Var ni shes 450
Wat er proofing sealers and treatnents
C ear 600
Opaque 400
Wbod preservatives
Bel ow ground 550
Cl ear and sem transparent 550
Opaque 350

N.O S. = Not otherw se specified.

a

The final Table of Standards included in the regulation differs
slightly fromthis list. See Section 7 for a di scussion.
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The nethod for estimating the national costs of the
regul ation under this scenario is to:

1. Esti mate reformul ati on cost per product

2. Estimate the total nunber of products nationw de
facing reformul ation

3. Mul tiply the cost per product times the nunber of
refornul ati ons

These steps are now presented in sequence.
2.3.1.1 Product-lLevel Refornulation Cost Estinates.

Devel oping a new formula for an architectural coating
i nvol ves altering the mx of the four coating conponents:
resins, solvents, pignents, and additives. For solventborne
products, a new fornmula mght increase the ratio of solids
(resins) to solvents to reduce the solvent’s contribution to
VOC em ssi ons.

Reformulation is a one-tinme investnment to develop a
formula that conplies with the VOC requirenent. This
generally invol ves applying R& effort to devel op and test the
new fornmula. Various other expenses (e.g., admnistrative and
mar keting) are incurred to get the refornul ated product to
mar ket ; however, for the purposes of this report, all relevant
costs are collectively referred to as “refornul ati on” costs.

The |l evel of effort for reformulation varies across
products, depending on the product’s characteristics and the
di fference between a product’s VOC content and the standard.
For the anal ysis at proposal, EPA used information provided at
a regul atory negotiation neeting on July 28, 1993 on the cost
of devel oping a new product fornula to neet a standard that
was nore stringent than that which was proposed.® Because
ot her data were not available to gauge the reasonabl eness of
this estimate, the EPA solicited input during the public
comment period for this rule to determ ne the appropriateness
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of the value used at proposal. Appendix B provides a sunmary
of the information received. These data show that the val ue
used at proposal was consi derably above estimtes provided by
comenters. Thus, the value used for this analysis is revised
to reflect both the initial estinmate fromthe regul atory
negoti ati on and the subsequent estimates provided during the
public conmment period. Not enough information was provided in
t hese comments, however, to estinate separate costs for each
speci fic product category; therefore, the average of the
estimates provided is used as the cost of refornulation for
all products subject to the regulation. That average cost is
$87, 000 per product and will be used throughout this analysis
to estimate the econom c inpacts, unless otherw se indicated.”
Cost annualization. Several of the comments received

during the public coment period indicate a concern that the
cost estimate used at proposal was too | ow. However, the
| unp-sum cost estinmate used at proposal ($250,000) was
consi derably higher than the estimates provided in the public
coments. Therefore, the concern appears to be centered
around the annualized cost estimate used at proposal ($17,772
per year). |In many cases, comenters appeared to be conparing
t he annual i zed cost used in the proposal to their estimte of
| ump-sum costs to refornmul ate. The purpose of annuali zi ng
costs and the nethods for doing so in this analysis are
present ed bel ow.

Reformul ation is a one-tine effort to devel op a new

formula. But the useful life of the formula goes beyond the
year in which reformulation occurs. In this regard, it is
®Pl ease note that because the base year for all information to

develop the regulation (i.e., product inventories, VOC content limts,
estimated em ssion reductions, etc.) is 1991, all costs and econom c

i npacts presented in the analysis are expressed in 1991 dollars unl ess
otherwi se indicated. Al cost and econom c inpact neasures are
transformed to present dollars in Section 7 for external reporting

pur poses.
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much |i ke any other capital investnent (in this case,
“know edge” capital), so the cost nust be anortized over the
useful life of the investnent.
The standard formula for annualizing a | unp sum
i nvestnment cost is

a=1 ¢ Ji(1+i)"/ ((1+i)" = 1)]
where a equals the annualized amount, | is the initial |unp
suminvestnent cost, i is the interest (discount) rate, and n
is the useful life of the investnent. As indicated above, the

revi sed value for the [unp-suminvestnent used throughout this
anal ysis is $87,000 per product. The discount rate is

7 percent, which is the rate recommended by the Ofice of
Managenent and Budget (OVB) for cost-benefit anal ysis of
federal regulations.® Determning the nunber of years to use
in the annualization formula, n, requires considering the
“useful life” of the know edge devel oped in refornul ation.
More specifically, how long do the benefits of the current

i nvestment accrue? Refornulation allows the firmto conti nue
to sell the current product (at a | ower VOC content), rather
t han renove the product fromthe market. Therefore, the tine
stream of the benefits to the firmis at |least as long as the
reformul ated product will remain on the market (i.e., the
product life). This is a conplicated issue. A particular
version (fornmula) of a product may remain on the market for
many years, then be refornulated to add different product
attributes and kept in the market as a new and i nproved
version of the old product. This product refornulation
rotation may recur continuously into the future. |If so, what
is the best way to estimate the useful life of the VOC
reducti on technol ogy i nduced by the regul ati on?
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Two assunptions were considered to capture the range of

possibilities for the useful life of the refornulation
i nvest nent .
1. The | ow VOC t echnol ogy devel oped for the new formul a

is applicable only to that fornula and cannot be
transferred to future adjustnents of the product.

2. The | ow VOC t echnol ogy devel oped for the new formul a
is applicable to that fornula and is transferrable
to all future versions of the product forever.

Case 1: In the first case, if the refornul ated product
is expected to remain on the market for a certain nunber of
years (T), then the useful life of the VOC reduction
investnment is T years and the initial cost should be
annual i zed accordingly (n=T). Moreover, if the current
product is sinply replaced T years hence by a reformul ated
version of the product, it is assunmed that the VOC reduction
t echnol ogy devel oped for the current product is
nontransferrable to the next product. Thus, an entirely new
i nvestnment in VOC reduction technology T years in the future
(the tinme of the next refornulation) is assuned necessary.
This defines the nost pessimstic (i.e., shortest) estimate
for the useful life of the current VOC reduction investnent.
Because shortening the useful life of an investnent reduces
the anortization period, it also raises the annualized cost of
conpliance, therefore providing the upper-bound estimte for
this anal ysi s.

Estimating the cost under the first assunption requires
determ ning an appropriate product life for a typical
architectural product. Attenpts to obtain this information
from secondary data and industry sources proved unsuccessf ul
since a “typical” product was too difficult to define. Alife
of T=8 years was assuned to be a reasonable, if conservative,
base case estimte of a single product life cycle. Thus a; is
t he annual i zed refornul ati on cost per product for case 1 (high
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estimate), with an $87,000 refornul ation investnment, a useful
life of 8 years, and discounted at 7 percent, which is
conputed as foll ows:

a, = $87,000 [0.07(1.07)8/((1.07)8-1)] = $14, 573.

Case 2: In the second case, the | ow VOC technol ogy
devel oped for the regulation applies to all current and future
versions of the refornulated product. In other words, once
the VOC technol ogy is devel oped for the new fornmula, it does
not need to be re-developed in the future, even if the product
is nodified in the future to add new attributes. As a result,
the useful life is the length of tinme the firmexpects to
remain in the product nmarket. In the extrene case, the firm
has no plans to renove the product fromthe market and the
useful life is essentially infinite. Under this assunption,
the cost is anortized in perpetuity to nake it conparable with
the benefits of the VOC technology. Thus, the cost
annual i zation formula yields a,, the estimate of refornul ation
cost per product:

a, = $87,000 « 0.07 = $6, 090.

Because a firmnmay not expect to remain in the market
forever and/or the current VOC reduction technol ogy nmay not
transfer perfectly to all future versions of the current
product, the assunption for case 2 can be viewed as a
| ower - bound estimate of annualized costs.

However, under an alternative interpretation, the costs
may be |lower still. Suppose a conpany, in the absence of the
VOC standards, would routinely reforrmulate its product every
few years. Then, the VOC regul ati on can be viewed not as
forcing firms to refornmul ate the product; rather, it forces
themto reformul ate their products sooner than they otherw se
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woul d. Thus, the one-tine cost to the firmis the present
val ue of accelerating the series of costs that would occur
(later) without the regulation. This cost will, in general,
be | ess than the |unp-sum cost of reformulation referenced
above; therefore, the annualized neasures woul d be | ower as
well. This is denonstrated by nunerical exanple in
Appendi x C.

To summarize, data fromthe regul atory negotiation and
public comment periods were used to provide EPA s best
estimate of the cost of refornmulation. The average
reformul ation cost estimate is $87,000 per product. This is a
one-tinme cost that nust be annualized for policy analysis.
The annual i zed cost estimte depends on the assunption about
the new forrmula’ s useful life. Under a useful life estimte
of 8 years, the annualized cost per product is $14,573. As
i ndi cated, a nunber of assunptions can be justified on
t heoretical and enpirical grounds that would reduce this
estimate. For exanple, the useful life of the reformulation
i nvestnment may well exceed 8 years. Also, reformulations
occur as a normal business practice and the cost of
reformul ation for VOC content may not be entirely increnmental.
However, the $14,573 estimate is the maintai ned val ue
t hroughout the anal ysis, except where otherw se indicated,

t hereby providing a conservatively high cost estinmate.

South Coast Alr Quality Managenent District (SCAQVD)

study. As a point of conparison, estimates of the cost of

architectural coatings reformulation are provided in a study
conducted for the SCAQVD to address econom c i npacts of VOC
content regulations in California.% This study identified
costs associated with product reformul ation and tenporary and
per manent product sales |osses. Refornulation costs varied
depending on the extent of the refornul ati on necessary. Most
of the small firns surveyed indicated that they did not have
full-time R&D enpl oyees. Costs for additional research and
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devel opnent due to the regulation ranged from $1, 000 to $5, 000
annually for firnms with few products affected by the
California rule and nore than $50,000 for firms with many

af fected products and little or no research staff.

The SCAQWD study also identified other conpliance costs
not related to R&D. Rough estimates of the cost of equipnent
adj ust nents necessary to accomodate reformul ati on ranged from
$5,000 to $35,000 per firm Costs attributed to tenporarily
or permanently discontinued products ranged fromzero to
$3,000 for firnms with few affected products to nore than
$75,000 for firnms with many affected products. Per-product
estimates were not presented. Enploynent changes for the
surveyed firnms in the SCAQW study were expected to be
mnimal, affecting only the possible addition of R& chem sts.

Because the timng, nunber of refornul ated products, cost
conponents, and regul atory structure associated with each
SCAQWD cost estimate are not apparent fromthe report, they
cannot be conbined with the estimtes presented above in any
meani ngful fashion to inprove the estimate of regulatory
costs.

2.3.1.2 National Refornmulation Costs. The analysis of

national refornulation costs begins with the recognition that
t he popul ati on of regul ated products can be broken into two
groups: those included in the em ssions survey and those
omtted fromthe survey. The nethods used to estimate costs
for each group are presented in turn.

Survey population. In this section, aggregate

reformul ation costs are for the products reported in the
Architectural and Industrial Maintenance Surface Coatings VOC
Em ssions Inventory Survey (the survey).% The survey

popul ation represents roughly three-fourths of total industry
output. The analysis is then extended to the industry level to
cal cul ate a national estinmte.
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To estimate refornul ation costs for the entire survey
popul ati on, the nunber of architectural products that wll
need refornulation to conply with the standards is determ ned.
Thi s nunber depends on the nunber of architectural products
with a VOC content exceeding the standards for the respective
product categories.

The survey reports the nunber of products, sales vol une,
and average VOC content for specific VOC content ranges (e.g.,
0O to 50 g/L, 51 to 100 g/L, 101 to 150 g/L) wthin specific
product groups (e.g., exterior flat waterborne, exterior flat
sol ventborne, interior flat waterborne). Knowing the limts
i nposed by the TGS, the nunber, volunme, and average VOC
content of products over the Iimt can be derived using the
survey data. These data can be used to generate estimtes of
t he expected cost of refornulating products subject to the
TOS, as well as the associated reduction in em ssions
acconpl i shed by the refornul ati ons.

Nonsurvey population. By definition, characterizing the

popul ati on of nonsurveyed products introduces further
uncertainty into the analysis. To estimate the nunber of
nonsurveyed products facing reformul ation, one nmust use
product information fromthe survey population and apply it to
t he nonsurvey popul ati on subject to sonme assunption about the
correspondence between the two popul ations. The econom c

anal ysis presented at proposal perfornmed this task subject to
the assunption that the overall survey popul ati on was
representative of the nonsurvey popul ation. Further scrutiny
suggested a nore appropriate assunption would be that the
nonsurvey popul ati on was nore accurately represented by the
smal | conpany conponent of the survey population. A

suppl emental analysis in the appendi x of the proposal analysis
addressed this issue and indicated that national cost of the
regul ation is higher when the assunption that all nonsurveyed
products are produced by small conpanies is applied. That

2-15



assunption is maintained and further refined to generate cost
estimates for the nonsurvey population in this analysis, as
descri bed bel ow.

For each of the 13 defined market segnents in the
architectural coatings industry, data were avail able on total
mar ket volume (in liters) derived fromthe Census of
Manuf actures data for the baseline year (1991) and the total
vol une of surveyed products for that category. Fromthat data
the total volume omtted fromthe survey (i.e., volune
produced by the nonsurvey popul ati on) can be conput ed:

Nonsurveyed vol ume = Market volume — Surveyed vol une (2. 1)

| f the average size of nonsurveyed products is known, the
nunmber of nonsurveyed products can be estinmated as fol |l ows:

Nonsurveyed products = Nonsurveyed Vol une / Average
vol une of an nonsurveyed product (2. 2)

| f the proportion of nonsurveyed products needing
reforrmul ation i s known, then the nunber of nonsurveyed product
reformnul ati ons can be conput ed:

Nonsurveyed product refornulations =
Nonsurveyed products ¢ Proportion of
nonsurveyed products needing refornul ati on (2.3)

and the corresponding refornul ation costs are then

Cost of nonsurveyed product reformul ati ons =
Nonsurveyed product reformnul ations e
Ref or mul ati on cost per product (2.4)

Because no specific data on nonsurveyed products were
avail able for this analysis, the average product vol une needed
in Eq. (2.2) and the reformul ated product proportions needed
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in Eq. (2.3) are not known. However, the information fromthe
surveyed products can be used to inpute values for the
nonsurveyed products. One option is to assune that
nonsurveyed products are the sane average size and have the
sanme rate of product refornulation as surveyed products.
However, as indicated above, the survey population is not
necessarily representative of the nonsurvey popul ation,
because the former includes nostly | arge conpanies and the
|atter nostly small conpanies. To nore appropriately capture
the differences between the nonsurvey popul ati on and the
survey popul ation, the follow ng assunptions are proposed:

(1) Let the average size of nonsurveyed products in each
mar ket segnent equal the average size of snal
conpany products reported for that market segnment in
t he survey dat a.

(2) Let the nonsurveyed product refornulation rate in
each market segnment equal the refornulation rate for
smal | conpany products reported for that market
segnent in the survey data.

The effect of assunption (1) is to increase the nunber of
nonsurveyed products and thereby increase the nunber of
nonsurveyed product refornul ati ons and associ ated costs,
relative to the alternative assunption that nonsurveyed
products are produced by both | arge and small conpani es.
Assunption (2) adjusts the esti mtes based on market segnent -
specific refornulation rates, which is greater on average for
smal | conpanies. The conbined effect of these two assunptions
is to raise the cost of the regulation relative to the
alternative assunption

National estimate. Typically during the devel opnent of

an air pollution regulation, an engi neering anal ysis
identifies the pollution control equipnment required to conply
with the rule and estimates the total installed capital cost
in a menorandumto the public docket or as a section of the
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rul e’ s Background I nformati on Docunent (BID). The econom c
anal ysis typically uses this information to anortize costs on
an annual basis and performa market analysis. For the
architectural rule, the control cost estimates are highly
dependent on deci sions nmade by the regul ated producers in a
mar ket setting to either refornmul ate, pay an exceedance fee,
or renove the over-limt product fromthe market. Wth the
mar ket enphasis, all costs were expressed in annual terns in
the econom c anal ysis presented at proposal. EPA received
public comments suggesting that an estimate of total initial
reformul ation cost (the analog to total installed capital
cost) would also be informative. This cost is conputed and
presented bel ow, along with the standard annual cost
esti mat es.

The national reformulation costs can then be estimated as
fol | ows:

Nat i onal reformnulation cost =
Cost of surveyed product reformul ations +
Cost of nonsurveyed product refornulations (2.5)
Tabl e 2-2 presents the results of the analysis for the
TOS. % The first row of Table 2-2 reports reformul ati on costs
and em ssions reduction sumed across all surveyed products.
A total of 1,730 products fromthe survey exceed the limts
that manufacturers and inporters will be subject to, which is
36 percent of the total nunber of products in the survey
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(4,846).¢ A presentation to the Regul atory Negoti ation

Comm ttee indicated that roughly one in three products that
exceeds the limts would not need a refornulation, primarily
because the product lines are simlar to others that will be
refornmul ated. Thus, the costs are assessed for the remaining
two-thirds of products over the |limt to conpute the
aggregate cost estimate. After reducing the nunber of
products, the estimated nunber of reformulations for the
survey population is 1,153, yielding a range for an aggregate
cost of refornulation of $7.0 to $16.8 nillion dollars (1991
dol | ars), depending on which useful |ife assunption is used to
annual i ze the | unp-sum val ue.

Nat i onal |y, about 2,345 products are subject to
reformulation. The initial lunp-sumcost to refornul ate these
products (at $87,000 per product) is just over $200 mllion.
Dependi ng on the annualized cost per product estinmte used,
annual i zed costs range from about $14 to $34 mllion per year.
Agai n, these estimates overstate the expected cost of the
regul ati on because they do not account for producers’ best
response (i.e., their | owest cost option) to the regul ation.
The next section discusses the part of the analysis that
accounts for these actions.

2.3.2 Exceedance Fee Provision
Architectural coatings producers have the alternative of

paying a fee per unit of output for products that exceed the
limt. The fee will be conputed as foll ows:

fee = (actual VOC content — VOC limt) o fee rate. (2.6)

°The actual survey total nunber of products is 4,920. However,
t hroughout Section 2 of this report 4,846 is used as the total nunber (and
the correspondi ng quantity and em ssions) because product-|evel data were
unavail able for 74 products in the survey.
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VOC content is nmeasured in granms per liter (less water and
exenpt conpounds), and the fee rate is paid on the granms per
liter in excess of the limt. The fee rate is $0.0024 per
excess gramper liter with annual adjustnents based on the
gross donestic product (CGDP) price deflator. Total fee
paynment per product sinply equals the per-liter fee tines
total liters of production.

In this step of the analysis, the prem se is that
architectural coatings producers will choose the | ess costly
of the refornul ation and exceedance fee options as a
conpliance strategy. The choice is based largely on two
product -specific factors: quantity of output produced and the
“excess” VOC per unit.

The diagramin Figure 2-2 helps explain the effect that
out put quantity has on the choice between reformul ating the
product and payi ng an exceedance fee. The vertical axis
represents the cost per liter of conpliance and the hori zontal
axi s nmeasures product volunme in liters annually. Since the
cost of refornmulation is a fixed cost (i.e., it is independent
of the level of output), the average reformul ati on cost per
l[iter of output falls as output |levels increase. This
situation is represented by the downward-sloping line in
Figure 2-2. However, the exceedance fee per unit of output is
constant with respect to the output levels. Let F be the
exceedance fee per liter of output; the flat |ine extending
fromF on the vertical axis indicates that the fee rate is
constant. For the purposes of this discussion, we ignore the
role of fixed recordkeeping costs under the fee option. These
costs are included in the enpirical analysis that follows. 1In
Figure 2-2, for all output levels less than @ the average
cost of reformulation is higher than the per-unit fee, and for
all output levels greater than Q, the average cost is bel ow
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Figure 2-2. Fee versus refornmul ation.

the fee. This relationship indicates that the fee is the |ess
costly alternative when output is less than Q and
reforrmulation is the |ess costly alternative when output is
greater than @. Thus small volune producers are nore |ikely
to choose the fee, all else equal. As Figure 2-2 illustrates,
the existence of a fee places an upper limt on the per-liter
costs of conplying with the regulation: F « Q

Figure 2-2 also illustrates the effect of different fee
rates on the “threshold point” of quantity, bel ow which the
fee is the preferred option. |If the fee were F' instead of F,
reflecting either a higher assessnent rate per My of em ssions
or a higher anmount of excess VOC per unit, the threshold point
woul d be lower. Thus, for higher excess VOC categories and
for higher fee rates, fewer producers woul d probably sel ect
the fee option, all else equal. Because the fee wll be nore
cost-effective only for |ower-volune products and | ower
excess-VOC categories, allowng the fee option should have a
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relatively small inpact on variation fromthe aggregate
em ssion reduction targets as long as the fee assessnent rate
is not set at an extrenely |ow | evel.
2.3.3 Product Wthdrawal
Up to this point, the analysis has focused on firns

responding to the regulation by choosing the | ess costly
alternative between refornmulation and the fee regul atory
response. However, this view of a producer’s likely response
i's inconpl ete because the cost of the regulatory response nust
be wei ghed agai nst the benefits of the action to the firm
Here the anal ysis equates regul atory conpliance with the
decision to pay the costs and remain in the market. Thus, the
benefits of the conpliance action are the net returns
(revenues mnus variable costs) obtained fromcontinuing to
produce the product. The net payoff of conpliance for a
particul ar architectural coating exceeding the limt can be
expressed as foll ows:

BR=Peq—-1c(q) — r*. (2.7)

To ease the notational burden, all terns are expressed in
their annualized form P is product price, g is annual
output, c(q) is the product cost function (w thout regul ation)
Wi th respect to annual output, and r* is the annualized cost
of the | east-cost option anong regul atory responses (i.e.,
refornmulation or fee). |In other words, r* gives the cost of
the solution to the | east-cost decision discussed in the

previ ous section.

The firmis assunmed to select an output level (g*) that
maxi m zes profits (B¥). 1In a conpetitive market, this is the
poi nt at which the marginal cost of production equals the
mar ket price. However, the firmwll only operate in this
market if it can cover its production costs and conpliance
costs; that is, if the following condition is net:
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B (g® r*) > 0. (2.8)

If the condition in Eq. (2.8) is not net, then the firm s best
response is to withdraw the product, produce no output (g¥=0),
and generate zero profits for the product (B¥=0). In this
regard, product wi thdrawal would be the firm s | east cost
option, because the alternative inplies they |ose noney by
remai ning in the market.

2.3.4 *“Best-Response” Analysis

The anal ysis presented here determ nes which option (fee,
reformul ation, or withdrawal) is the best response for
specific products within a certain VOC content range fromthe
survey.

For the purpose of this analysis, a product stratumis
defined as all products existing in a specific VOC content
range for a specific product category. An exanple of a
stratumwoul d be all exterior flat waterborne products in the
101 to 150 g/L VOC content range. For the TGOS, all strata in
the survey were examned to determ ne those that exceed |imts
for their respective product categories. As indicated above,

t he survey includes data on the nunber of products, sales

vol une, and baseline VOC em ssions for each stratum These
data were used to conpute average sal es vol unme per product for
all strata exceeding the TOS Iimts. These average vol une
estimates forned the basis for conputing exceedance fee costs
and product-level profits.

An exanpl e of a best response determ nation is as
fol |l ows:

(Best - Response Exanpl e)

Suppose the average sal es vol une per product for one
stratumis 100,000 L/yr. To determ ne the exceedance fee
for each stratum the mdpoint of the VOC content range
was used as an estimate of average VOC for the stratum
This neasure was used to conpute excess VOC content
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because it is consistent with the regulatory definition
of VOC content (grans per liter |less water and exenpt
conpounds) and is available for each stratum
First the fee rate was adjusted to 1991 dollars by
mul tiplying the fee rate (in 1996 dollars) of 0.0028/ g by
the ratio 1991/1996 of GDP price deflators. The
resulting fee rate is 0.0024/g. Suppose the m dpoint of
the stratumis 150 g/L above the limt. The associated
fee per unit would be 150 « $0.0024 = $0.36/L. The total
exceedance fee paynent for the product is
($0.36/1iter) « 100,000 liters = $36,000 per year. Fixed
recordkeepi ng costs nust also be incurred for products
subject to the fee. Fee-related recordkeeping costs
were estimated to be $590 per product per year.> Adding
t hese nunbers together, the conpliance cost under the fee
option is $36,590 per year. This exceeds the annualized
cost of refornulation ($14,570 per year). Under these
conditions, it is assunmed that products in this stratum
woul d refornul ate rather than pay the exceedance fee.®
Thi s deci sion would be reversed if, for instance, the
strat um exceedance were 50 g/L, in which case the fee
paynents woul d be $12, 000, which, adding in the fixed
cost of $590, is below the refornul ati on cost per
pr oduct .
To simulate the refornul ati on/fee/w thdrawal deci sion,
per-unit profits were estimated to conpare with unit costs for
each stratum and conputed as foll ows:

9By conducting the fee-versus-reformul ation decision at the stratum
| evel , and basing the decision on average cost and fee for each stratum it
is inplied that all products within the stratumare identical to the nmean
values. In reality, there will be sone variation around the nmean so that
some producers may find one alternative less costly while others find the
other alternative less costly. This analysis is unable to capture this
heterogeneity with the avail able data, but presumably these effects are
snoot hed out as the anal ysis conpares neans across the hundreds of strata
in the survey.
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B = Pem (2.9)

where P is the output price and mis the profit margin. For
each product category anal yzed, the average market price for
the market in which the product category bel ongs was used (see
Table 2-3).°%:5% The nodel derives the returns-to-fixed-factors
(RFF) profit margin as foll ows:

m= 1 — (variable cost/revenues). (2.10)

The ratio of variable cost to revenue can be conputed using
val ues provided by the NPCA. The variable cost conponent in
the nunmerator includes the cost of goods sold plus variable
selling and storage costs. These variable costs conprise
81.7 percent of revenues for the nmean producer surveyed by
NPCA, so the estimate of the RFF profit margin is 0.183.

These average refornul ation cost per liter and profit
cal cul ations were perfornmed for each stratum above the TGS
limts to determne the relative frequency of reformnulation/
fee/w thdrawal sel ections and their inpact on conpliance
costs. These anal yses were perforned directly for the survey
popul ation, with the results used to i nmpute values for the
nonsurvey popul ation. Results are presented for the survey
popul ation in Table 2-4.

Under the chosen fee rate of $0.0024 (1991 dollars), the
fee is the preferred alternative for 409 (35.5 percent) of the
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TABLE 2-3. ARCH TECTURAL COATI NGS MARKET SEGVENTS BASELI NE
DATA FOR 1991

Aver age
Quantity Price
No. Mar ket Segnent @ Produced (kL)? Val ue ($10%) ($/L)
1 Exterior & high performance 162, 937 540, 511 3.32
sol vent bor ne coati ngs
2 Exterior & high performance 468, 345 1, 046, 383 2.23
wat er bor ne coati ngs
3 Interior solventborne 94, 935 302, 264 3.18
coati ngs
4 Interior waterborne coatings 833, 434 1,747, 341 2.10
5 Sol vent borne prinmers & 61, 298 171, 583 2.80
under coaters
6 WAt erborne primers & 75, 212 160, 960 2.14
under coaters
7 Sol vent borne cl ear coati ngs, 134,678 412,743 3.06
seal ers, & stains
8 WAt er borne cl ear coatings & 120, 738 266, 174 2.20
stains
9 Architectural |acquers 40, 011 83, 320 2.08
10 Wbod preservatives® 27,449 493, 965 1.45
11 Traffic marking paints 91, 067 132, 358 1.45
12  Speci al purpose coatings 34, 568 141, 633 4.10
13 Industrial maintenance 231, 261 797, 006 3.45
coati ngs
Tot al s/ aver ages 2,375,933 6, 296, 241 2.65

a See Appendi x A for an explanation of products included in each market
segnent .

b The quantities and val ues are taken from Census data except the quantity
for wood preservatives, which is taken fromthe survey.

¢ For wood preservatives the quantity is taken fromthe survey, but the
price is taken fromthe Census data.

Sources: U.S. Departnment of Commerce. Current Industrial Reports: Paints
and Allied Products, 1991. Washington, DC, Government Printing
Ofice. 1992

Industry Insights. Architectural and Industrial Mintenance
Surface Coatings VOC Em ssions Inventory Survey. Prepared for
the National Paint and Coatings Association in cooperation wth
the Al M Regul atory Negotiation Industry Caucus. Final Draft
Report. 1993.
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1, 153 products facing the refornul ati on versus fee decision.®
However, these products only account for 38 mllion liters of
out put, about 14 percent of the volunme subject to the
decision, reinforcing the notion that the fee is selected for
| ower -vol ume products. The total fee paynent for those
products is about $3.7 mllion (average is $0.08/L), but the
estimated avoi ded refornul ati on cost for the 409 products
choosing the fee is over $5.9 mllion for a net aggregate
savings to producers of about $2.7 mllion. Moreover, because
the fee paynent is sinply a transfer fromone sector of
society (architectural coatings producers) to another (the
governnent), the social cost savings due to incorporating the
fee are the full $5.96 mllion reformul ati on cost savings,

| ess any costs of adm nistering the fee.

Tabl e 2-4 indicates that 46 products el ect wthdrawal as
the best response strategy to the regulation, which is | ess
than 0.1 percent of the 4,846 products surveyed. The
estimated foregone profits for those products total
approxi mately $415, 000, which should be consi dered a conponent
of “conpliance cost” of the regulation. However, this
produces a $255, 000 savings to society over the refornul ation-
only option.

Al told, allowng for options other than refornulation
substantially reduces conpliance costs for the survey
popul ation. The option to pay the fee or to w thdraw reduces
t he conpliance cost estimte by about $3.0 million, or about
18 percent of the costs that would be incurred by the survey
popul ation if refornulation were the only conpliance option.

®Not e that 1,153 products represent two-thirds of the total nunber
exceeding the limts because the other one-third were assunmed to
refornmul ate without incurring the “major” reformul ati on cost.
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2.3.5 Tonnage Exenption

Al'l producers will be allowed to exenpt the foll ow ng
quantity of VOC em ssions fromcontrol that is phased in over
three years:

Period 1: 23 My (25 tons)
Period 2: 18 My (20 tons)
Peri od 3: 9 My (10 tons)

Because these represent relatively small volunes, especially
after the 3-year phase-in, the tonnage exenption wll |ikely
serve in lieu of the exceedance fee for small vol unme products
and t hereby reduce fee paynents by producers enpl oying the

t onnage exenpti on.

To the extent that the tonnage exenption replaces the fee
as a conpliance option for sone products, the foregone fee
paynments represent the reduced inpact on producers. Consider
the post-year 3 case where 9 My of VOC em ssions are exenpted
fromcontrol. Suppose that 3.6 My of these em ssions are
“exceedance” em ssions (i.e., em ssions above the anmount
allowed in the VOC content standards). If a fee were assessed
to these em ssions, the cost to the firmwuld be 3.6 « $2, 200
= $7,920 ($1991). Therefore, the exenption allows the firmto
avoid this inpact. Note that while this reduces the private
i npact on firms subject to the exenption/fee, there is no
correspondi ng effect on the social cost of the regulation as
the reduced fee paynents are just reduced transfers from one
party (producers) to another party (governnent).

2.4 COST ANALYSI S UNCERTAI NTI ES

Table 2-5 lists the key assunptions and main areas of
uncertainty surrounding the cost estimates. Itens of
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TABLE 2-5. REFORMULATI ON COST ANALYSI S UNCERTAI NTI ES

Assunpti ons

Initial refornmulation cost is $87, 000.
Useful life of reformulation is (1) 8 years, (2) forever.
Di scount rate is 7 percent.

Potential upward bias factors

Ef fects of tonnage exenption not considered.

Costs assumed constant in the future; but may fall over
time as new technol ogy is devel oped and di ssen nat ed.

I ndustry trends since 1991 have noved toward | ower VOC
formul ati ons.

Costs may be borne partly by material suppliers.

Regul atory baseline is changing. State regulations have
been inplenented (e.g., Massachusetts), and sone producers
have al ready devel oped fornul ati ons and incurred
reformul ati on costs to conply with new as well as existing
regul ations. These formulas can be applied to a federa
rule at a mninmal cost.

Potenti al downward bias factors

Costs are confined to the refornul ated product itself;
users may incur additional costs to adapt application
systens.

Mul ti ple products may be | unped together as one in the
survey. Therefore, multiple refornulati ons may be
necessary in sone cases where a single refornmulation is
proj ect ed.

Potential factors with unknown directional effects

Estimate is for a “typical” product; individual products
may differ.

Lower - bound estimate of 8 years for useful life of

reformul ation is specul ative.

Ref ormul ati on may positively or negatively affect variable
production costs (e.g., materials).

Ef fects on product quality and performance are unknown;
anecdot al evidence shows both positive and negative effects
dependi ng on the product.

Costs may rise/fall based on anobunt of “excess VOC' to
reduce.

The nunber of refornul ations for nonsurveyed products may
be m s-estimated due to | ack of data.
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uncertainties are grouped by the likely direction of bias on
the cost estimate: upward, downward, or unknown.
2.4.1 Upward Bi as

As indicated in the previous section, one source of

upward bias in the cost estimates is that the anal ysis does
not directly account for the effect that the tonnage exenption
woul d have on cost mtigation.

The anal ysis may overstate refornulation costs incurred
by architectural producers by not explicitly accounting for
cost-saving technol ogi cal innovation. Spillover effects from
early reformul ation efforts could substantially reduce the
costs for other formulas. This may be facilitated by the role
that material suppliers play in devel oping forml as,
particularly in the case of smaller architectural coatings
manuf acturers. Econom es of scale may occur because materi al
suppliers solve the problemfor nultiple clients and fornul as.

Since this rule was initially proposed, for exanple,
Massachusetts has inplenmented its own regul ation for
architectural coatings. In conpliance with that regul ation,
104 conpani es have regi stered conpliant architectural coatings
wi th the Massachusetts Departnment of Environnenta
Protection.® Many of those conpani es operate on a nationa
scale. Therefore, products those conpani es nmake that
currently neet the Massachusetts regul ation do not need to be
further reformulated to conply with the national rule. Those
costs are not “backed-out” in this analysis, which inparts an
upward bi as of unknown magnitude on the costs presented.

2.4.2 Downward Bi as
A couple of factors may | ead to an understatenent of the

reformul ati on costs presented here. First, by focusing on
costs to the coatings manufacturer, the current analysis does
not account for any fixed costs that coating users nmay bear as
they switch to conpliant fornulas. Based on public comments,
the itemof greatest concern in this category is application
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equi prent for traffic marking coatings. These costs are now
explicitly addressed in a separate section of this report and
included in the final cost-effectiveness anal ysis bel ow.

The second itemthat may cause downward bias in the cost
estimates relates to the definition of products in the survey
data. The analysis treats each survey entry as a separate
product and assigns each nonconpliant entry a single
reformulation. |[If, instead, survey respondents conbi ned
several products requiring several refornulations into one
survey entry, total refornulation costs for the survey
popul ati on woul d be underestimated. It is inpossible to
determ ne whether this is a systematic problemw th the survey
data and, if so, the extent to which it biases the current
esti mat e.

VWhile the refornulation cost estimate is the main source
of uncertainty in the analysis, another itemthat bears
mentioning relates to the selection of nonrefornul ation
response options (fee or withdrawal). The analysis assunes
t hat producers will select the | ower-cost option
(reformulation or the fee) and exit if the |ower-cost option
exceeds the value of the profit stream However, sone
rigidities (e.g., shortage of scientist hours for new formul a
devel opnent) m ght nmake refornmulation difficult in the very
short run. However, the phased tonnage exenption period
ment i oned above should provide sonme relief in overcomng the
short-run rigidity particularly for smaller producers.

2.4.3 Unknown Directional Effects

Several itens that have unknown directional effects on
the cost estimates are listed in Table 2-9. O particul ar
rel evance i s the absence of variable production cost effects,
notably the difference in material costs. The EPA was unabl e
to obtain verifiable infornmation on material cost effects of
reforrmul ation. Anecdotally, it was suggested that
sol ventborne material costs mght rise in sonme situations
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(e.g., those described in the comrent) but mght fall in
others (e.g., substitution of water carriers for solvent).
The net effect across all products is unknown. Wthout any
hard data on the size or direction of material cost effects,
t he EPA assuned no net material cost effects in the analysis.
The conpliance strategy decision is likely to be
conplicated by issues other than cost that relate to the
profitability of refornmulation. |If a product serves a narrow
mar ket niche, refornulation may fundanentally alter the
product’s attributes and erode the niche position. 1In such a
case, the producer may find that choosing reformulation is not
profitable. Although concerns regarding the regulation’s
constraints on product differentiability are undoubtedly real
in sone cases, this conplexity is not explicitly addressed in
the quantitative analysis, primarily because of the difficulty
in observing both | evels of and changes in product quality.
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